DESCRIPTION OF PROBLEM
The significance of grain sorghum as a feedstuff and human food in many parts of the world is well documented. Many studies have reported that feeding tannin-containing diets to broiler chicks negatively affects performance in terms of growth, feed intake, and feed efficiency [l, 21. Research indicates that because of reduced enzymatic activity in vivo, chicks consuming tannin-containing diets display pancreatic hypertrophy, probably in an effort to increase enzyme production to compensate for the inhibition caused by tannins [3]. However, this phenomenon has not been consistently observed in other studies using tannin-containing feedstuffs in chick diets [4, 5, 61. Very little information is available on the effect of dietary tannin on internal organs apart from the pancreas in chicks fed tannin-containing diets.
The antinutritive effects of feeding tannin-containing sorghum (HTS) to poultry appear to decline with age; researchers [6] have suggested that birds may adapt to tannincontaining diets and/or the digestive system may develop to overcome the antinutritional effects of tannins. Chicks initially fed a tannincontaining diet subsequently displayed better performance than those raised on a non-tannin control diet and then switched to a tannin-containing diet [l] . Given the current interest in controlling the rate of early growth in broiler chicks in order to reduce the incidence of sudden death syndrome and leg problems and to influence carcass composition [q, such diet manipulation may prove beneficial, particularly if HTS diets not only slow the initial growth rate but also predispose birds to digest their feed more efficiently when subsequently switched to a grower diet. This study, therefore, sought to determine the overall performance response and possible weight changes of the pancreas, liver, and small intestine in broiler chicks fed diets containing HTS, and the effects of switching diets from corn-based to sorghum-based or vice versa.
MATERIALSAND METHODS
This experiment used three diets formulated to contain approximately equal amounts of energy and protein and designed to meet the nutritional requirements of starting broiler chicks [SI (Table 1) . Diet 1 was a control comsoybean meal diet; in Diet 2, the corn was replaced by a high-tannin sorghum (HTS) variety (ATx623*SC103-12E; donated by Dr. R. D. Wankka, R m A&M University, Lubbock, TX) containing 2.5% catecbin equivalents of tannin [9] . Both diets were offered ad libitum in mash form and fed according to the schedule shown in n b l e 2 to give a total of four treatments. The metabolizable energy content of the sorghum diet was calculated using the energy value given by NRC [a] for sorghums with crude protein content greater than 10%.
BIRDS
This study used 140 day-old male broiler chicks from a commercial hatchery (Big Four Hatchery, New Hamburg, ON, Canada). On arrival, chicks were wingbanded, randomly assigned to groups of seven chicks each, and put into individual pens in an electrically heated Petersime brood battery (Petersime Incubator Co., Gemburg, OH). Diet treatments were assigned at random to five replicate pens for each treatment. Room temperature was maintained at 32.5"C from 0 to 5 days, then gradually reduced according to standard brooding practices. Chicks received 24 hr lighting throughout the trial. Water was
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Oat hulls supplied ad libitum. Feed intake, weight gain, and feed:gain ratio were determined for the first 9 days, for days 10 to 21, and for the entire 21-day experimental period, and statistically compared [lo, 11,121. ENERGY AND NITROGEN UTILIZA-TION Energy and nitrogen utilization were determined by the total collection method three times during the entire study. During the collection period, feed intake was measured and excreta quantitatively collected on aluminum foil-lined trays. The first and last collection periods lasted 3 days, from days 6 to 9 and 18 ORGAN WEIGHT MEASUREMENTS On days 9 and 21 two chicks per replicate pen were randomly selected, weighed, and euthanized by cervical dislocation. The abdomens of these chicks were then opened and the pancreas, liver, and small intestine (cut at the point of attachment to the gizzard and at the ileo-cecal junction) removed and weighed after being blotted on absorbent paper. To minimize variations in the cleaning process, two well-trained people collected all organ weight data. Before weighing, the small intestines were cut into segments measuring 30 to 40 cm in length to facilitate cleaning by gently squeezing digesta out of each segment.
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RESULTS AND DISCUSSION
FEED INTAKE
Feed intake, weight gain, and feedgain data (Table 3) indicate that only feed intake differed among treatments, with birds receiving the HTS diet consuming significantly more (P<.O5) feed than those receiving corn in both the 0-9 and 10-21 day periods. Chicks receiving HTS diets ate si&icantly more (P< .OS) than those fed corn from both 
BODY WEIGHT
Although weight gain for HTS buds was significantly higher (P < .05) during the period 0-9 days, this difference was not subsequently evident from 10-21 days or over the entire study period (Table 3) . This was unexpected, based on previous studies [2, 41, and the initially higher body weight gain for HTS fed buds may be a reflection of the observed increased intake. Since studies reporting large negative effects on weight gain due to sorghum tannin have typically involved diets containing suboptimal levels of protein, the adequate levels used in the current study may have been sufficient to ameliorate any tannin effect, thus allowing birds to perform adequately. Tannins have a high affinity for proteins, with which they interact by hydrogen bonding, hydrophobic association, or covalent bonding [19]. They may also reduce utilization of energy and specific amino acids [5,24]. Where avdabfity of these nutrients is reduced due to consumption of tannin-containing diets, birds are able to meet only their maintenance requirements but not their needs for tissue accretion, which in turn results in poor growth.
FEED EFFICIENCY
No significant differences (P > .OS) attributable to dietary treatment occurred in feed efficiency ( Table 3 ), suggesting that birds were able to utilize the HTS diet as well as they did the corn control, in contrast to previous studies [2, 41. However, contrary to the authors' hypothesis, initial feeding of the supposedly poorer HTS diet did not subsequently improve efficiency of feed utilization when birds were fed the corn control.
ENERGY AND NITROGEN UTILIZA-TION
AM& was significantly different (Pq.05) among treatments during all three collection periods ( Table 4) . During the first collection (days 6-9), the HTS diet had a significantly lower AME,, value than the corn control. Similarly, immediately after the diet switch (days 10-12), birds receiving corn (Treatments 1 and 4) utilized significantly more energy in their diets than those consuming HTS, regardless of the diet previously consumed, and this pattern was maintained during the final collection period (days 18-21). These results support findings of earlier studies [24, 25). Although enzyme activity was not determined in this study, this reduction in AM& could be explained by a reduction in dry matter digestibility (DMD), since diets containing high tannin sorghum reportedly reduce both DMD and digestive enzyme activity [3, 241. The reduced DMD could be due to tannins forming complex compounds with the carbohydrate components of the diet, thus making them unavailable for normal digestion [5].
Although there was an increase with age in the absolute nitrogen retention (g/bird/day) in all treatments, this was unaffected (P > .05) by dietary treatment ( 
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An effect of tannins on nitrogen use was more clearly evident in the efficiency of retention, which was significantly less for HTS-fed birds than for those fed corn. Although buds retained the same amount of nitrogen from corn and sorghum diets at each age, those receiving sorghum had to consume more feed because of their lower nitrogen retention efficiency. This overconsumption may reflect an attempt to increase the intake of essential amino acids, as Parr and Summers [a] suggest, rather than being related to energyperse as noted earlier. In general it is evident that the tannins present in some sorghum cultivars may have only a limited effect on their feeding value for poultry. This observation supports recent findings that measurable tannin content in sorghum and other ingredients, such as faba beans, may not be a reliable indicator of expected biological response in poultry [29,30].
ORGAN WEIGHTS
Only liver weights differed significantly on day 9, although these results and those obtained for other digestive organs show no effect attributable to diet treatment (Table 5) .
Though studies indicate that high levels of dietary tannin result in pancreatic hypertrophy in chicks fed sal seed [3], no such effect was observed in the present study, supporting the results of earlier work with both sorghum [4,6] and faba beans [SI and suggesting that the source of tannins could be an important factor. Research suggests that pancreatic enlargement due to feeding tannin-containing diets in some studies is triggered by the need to increase production of digestive enzymes such as trypsin and a-amylase, which are inhibited by tannins [3,5]. We found no previous data in the literature indicating the possible influence of sorghum tannin on small intestine development, but the small intestine weights at 21 days tended to be numerically higher for sorghum-fed chicks, perhaps reflecting the coarser nature of their diet. Dietary tanninfi do not seem to influence liver weight in chicks [3], and results of the present study support this conclusion. There was certainly no evidence to suggest that the improved utilization of HTS with age seen here is related to gross adaptation of any of the digestive organs measured. 
CONCLUSIONS AND APPLICATIONS
1. Feeding HTS increased feed intake. Though weight gain and feed efficiency were not directly influenced, the A M E n value of the diet was significantly reduced, implying that the increased feed intake may reflect an attempt to compensate for reduced energy availability.
2.
No evidence obtained in the present study suggests that tannins in the HTS diet influenced organ weights, suggesting that digestive organ hypertrophy is not a factor in adaptation.
3. Initial feeding of sorghum did not help birds utilize their feed more efficiently later in life, as the authors had speculated. This may reflect lack of sufficient challenge to the birds due to the nature of the tannins present in the HTS used. 4. It is evident that tannins in some cultivars of sorghum may have little effect on their feeding value for poultry and that effects attributed to the presence of tannins in other studies may reflect the presence of other anti-nutritive factors. Understanding what these factors are, and what role they play, seems necessary in order to classify sorghums more effectively on the basis of their nutritive value. 
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